Adolescence has long been considered a period of increased risk behaviour. This supposition has been supported by a wealth of empirical evidence and recently, health risk behaviours have been identified as a key mechanism for the general deterioration of adolescent health relative to other age groups. Research regarding adolescent risk behaviour suggests that there are often strong links between individual risk behaviours. The mechanisms for these associations have been attributed to common risk and protective factors, as well as gateway effects stemming from increased accessibility to additional risk behaviours. This has important implications for policy interventions designed to reduce risk behaviours in adolescence. Not only does a multiple risk behaviour approach increase the effectiveness of individual risk behaviour policy, but it is also conducive to a more cohesive, coherent and efficient approach to adolescent risk in general. Several examples of cohesive policy responses to multiple risk behaviours have emerged, but generally, policy remains segregated into individual risk domains. With increasing evidence for the effectiveness of integrated approaches, multiple risk behaviours require consideration to design and implement effective and efficient policy responses.
Concerns about risk behaviours amongst youth have a very long history. Characterizations of adolescence as a time of difficult or rowdy behaviour abound throughout the literature since classical times. Late nineteenth century social reformers regarded adolescents, particularly violent or criminal males and pregnant females, as posing significant threats to the social order. In the USA this focused largely on immigrant youth, while in the UK the lower social classes were the recipients of attention. 1 Early twentieth century developmental theorists reiterated concerns about adolescent risk behaviour. G. Stanley Hall characterized adolescence as a period of 'sturm und drang' (storm and stress) in which adolescence represented the later animal phases as human ontogeny recapitulated phylogenetic evolution in each individual. 2 Freud 3 saw adolescence as a period in which earlier developmental dilemmas, particularly sexual ones, are re-enacted and later Freudians suggested that an adolescence devoid of characteristic difficulties was in fact a marker for psychological problems; 'to be normal during adolescence is itself abnormal' ( p. 267).
In the first half of the twentieth century, adolescence was of little interest to legislators and policy-makers, largely because adolescence was the healthiest time of life, when morbidity and mortality were lowest across the lifecycle.
However, the epidemiological (or health) transition occurring in high-income countries since the mid-twentieth century has dramatically shifted the burden of disease away from children and towards adolescence. 4 Morbidity rises year on year from childhood into adolescence. 5 Mortality is now higher amongst adolescents than amongst children after the first year of life, largely due to increases in the relative importance of injuries and non-communicable diseases, compared with noncommunicable diseases as causes of death. 4 This constitutes the new paradox of adolescent health-that while we become fitter, stronger, faster and cleverer during adolescence, mortality and morbidity rise through the adolescent years. This shift makes adolescent lifestyle choices, particularly those relating to risk-taking behaviour, a fruitful area for policy intervention.
From the last quarter of the twentieth century, health problems relating to risk behaviours rose amongst adolescents to the extent that they began to constitute a key area of policy concern in many countries. Indeed, for some behaviours, such as smoking, binge drinking and cannabis use, their prevalence is now such that they can be considered normative, despite being to some extent illicit in many jurisdictions. Because of this, adolescence now occupies an ambivalent position for legislators and other policy-makers. On the one hand they remain mobilized by fear of anti-social behaviour, the promiscuousness denoted by sexual risk behaviours and disruption of the social order by substance users. On the other hand they recognize the normative nature of some behaviours in adolescence, the great potential of intervention during adolescence to protect young people from harm both in adolescence and later life, and the potential for a 'good' adolescence to contribute to forming later healthy and economically and socially productive citizens.
Risk behaviour surveillance in adolescence
National concerns about adolescent risk behaviours led to the development of specific national surveillance systems to track the prevalence of health risk behaviours in some highincome countries in the last decades of the twentieth century. A longstanding example is Monitoring the Future (http://monitoringthefuture.org), funded by the National Institute on Drug Abuse. Initiated in 1975, it surveys students in Grades 8, 10 and 12 regarding, among other issues, drug use, drinking, smoking and violence and delinquency. Another well-known American initiative is the Youth Risk Behavior Surveillance System (YRBSS) 6 conducted by the Centers for Disease Control and Prevention (CDC). Launched in 1990, it is conducted biennially directed primarily at students in Grades 9 -12 (ages 14-18). It assesses tobacco, alcohol and other drug use, dietary behaviours, risky sexual behaviours and other behaviours that contribute to accidents or injuries. National surveys regarding a number of health risk behaviours have also emerged in Canada and Australia. 7 -10 In the UK, a number of regular cross-sectional surveys assess adolescent risk behaviours, some of which predate the YRBSS. These data support adolescence as a period of increased risk. In the UK, those aged between 16 and 24 years are most likely to drink over double the daily recommended amounts on their heaviest drinking day in the last week, an indicator of high levels of binge drinking in this age group. 13 Frequent drug use in the same age group is much higher than for older respondents. 17 With regard to sexual health, abortion rates rise steeply throughout adolescence before tapering off in early adulthood ( p. 7), 18 and rates of sexually transmitted infections (STIs) peak in late adolescence. initiated in adolescence and that early initiation of such behaviours is related to dependency in adulthood.
Trends over time offer some scope for optimism. Regular cigarette smoking amongst 11 -15-year olds has been declining since peaking in the mid-1990s. 11 Likewise, the prevalence of illegal drug use among the same age group has dropped over the last 10 years. 12 With regard to sexual health, the teenage conception rate in England and Wales is said to be the lowest rate since the early 1980s. 20 However, the picture is not universally encouraging, with adolescent STI rates increasing substantially over the last decade, 21 though slight decreases in diagnoses have been noted from 2009 to 2010, suggesting improvements in this area. 19 Though the number of 11 -15-year olds who have ever consumed alcohol decreased slightly between since the late 1980s, the mean weekly units doubled in the period 1990 -2007. 22 
Multiple risk behaviour
Statistics on individual risk behaviours often fail to illustrate the extent to which risk behaviours tend to co-occur. Data from the USA suggest that the correlation between risk behaviours such as drug use, alcohol use, smoking and sexual activity have been found to be, on average, moderately high, e.g. 0.35. 23 With regard to particular risk clusters, smoking and alcohol abuse correlate between 0.4 and 0.6, and sexual experience correlates with substance use between 0.3 and 0.5. 24 There is substantial evidence that early initiation of substance use predicts a number of individual risk behaviours as well as multiple health risk behaviours. 25 -28 In the UK, evidence regarding co-occurrence is less pervasive but points to similar conclusions. In England, drug use and smoking and to a lesser extent, alcohol, are strong predictors of other substance use.
11 Similar patterns are evident in Scotland as well. 12 Adolescents who are sexually active before the age of 16 are more likely to be individual substance users as well as multiple substance users. Additionally, substance use before the age of 16 is associated with a lower likelihood of condom use 29 as well as a whole host of other sexual risk-taking behaviour. 30 There is considerable debate regarding the mechanisms of these associations. Two main models have been posited. There is some evidence for 'gateway' models, which propose that young smokers or drinkers have more exposure to and opportunity for illicit drug use and risky sex. 31, 32 There have also been suggestions of a 'reverse gateway' effect, suggesting that the causal relationships between substance use and subsequent risk behaviours can be complex. 33 Others have suggested that multiple risk behaviours in adolescence may represent a 'single syndrome' of behavioural risk 34 in which associations between risk behaviours represent common underlying factors arising from earlier developmental processes. 34 -36 This single syndrome has been suggested to represent a general dimension of unconventionality, 34 which manifests as a 'health-compromising lifestyle,' 37 related to poor emotional well-being and lack of connection to the conventional institutions of family, school and religion. Evidence for this model is largely cross sectional and based on observations that factors such as depression, parental substance use, poor school achievement, low socioeconomic status, delinquency and poor connection with family and school appear linked with many individual risk behaviours, including sexual risk. 38 -40 Evidence regarding risk and protective factors for multiple risk behaviours in the UK is scarce but again, appears to reflect the factors highlighted in international research. For instance, cooccurrence of multiple substance use has been associated with truancy and exclusion and family influences 11 as well as ethnicity, mental health, religious affiliation, obesity and family structure and social support. 41 
Policy relevance
The morbidity and mortality related to health risk behaviours in adolescence is clearly of substantial policy relevance. Individual risk behaviours pose a major burden for health and for the health services. For example, around onefifth of UK adolescents who become regular smokers will die from smoking in middle age and a further fifth will die prematurely from smoking in old age, losing about 12 years of non-smoker life expectancy. 42 Costs to the NHS from alcohol misuse have been estimated to be £1.4 -1.7 billion per annum, with alcohol-related mortality in the ,44-year group tripling since 1979. 43 STIs disproportionately affect young people with the total workload in UK genitourinary medicine clinics increasing in the last decade. 19 In the UK, 'volatile substance misuse accounts for 65 deaths per year, which is 2% of all deaths below the age of 18 years' ( p. 358). 44 Additionally, adolescent substance use has been linked with substance use in later life. 45 Other social and economic costs related to health risk behaviours include increased incidence of violence and crime, accidents, mental health disorders and loss of educational opportunities. 44 Further, there is evidence that health behaviours in adulthood often have roots in adolescence. For example, as many as 10% of adolescent drug users continue this behaviour into adulthood. 46 Most adult substance users were initiated into substance use as adolescents, with substance use initiation falling sharply in early adulthood. 47 Adolescent alcohol use disorders predict adult substance use disorders and 'for the majority of adolescents, [they] are not benign conditions that resolve over time' ( p. 83). 48 While evidence regarding the outcomes of multiple health risk behaviours is scant, there is some evidence that, beyond the individual effects of each risk behaviour, multiple risk behaviours are associated with effects beyond the cumulative effects of individual health risk behaviour. For example, there have been suggestions that concurrent substance use is related to higher likelihood of excessive substance use, early substance use initiation and higher likelihood of substance dependence than single substance users. 49 Multiple adolescent risk behaviour is also associated with poorer emotional well-being and higher incidences of injury. 50 Furthermore, preliminary evidence suggests that the more health risk behaviours adolescents indulge in, the higher the likelihood of psychological distress and depressive symptoms. Co-occurring health risk behaviour is also associated with poorer educational outcomes, fewer job prospects and criminal convictions. 51 Further, there have been suggestions that health risk behaviours contribute to health inequalities. 5 Health is strongly associated with socio-economic status. For example, in England, those in the most advantaged class can expect an additional 17 years of healthy life expectancy compared with the poorest neighbourhoods. 52 Economic and social deprivation have been identified as significant predictors of risk behaviours. It has been recognized that policy approaches to reducing health inequalities must focus on health risk behaviours. 52 Since deprivation is a common predictor of many types of risk behaviours it contributes to the association between risk behaviours. 38, 40 As such, multiple risk behaviours are more likely in people experiencing deprivation and may lead to further health inequality.
Because of these concerns, multiple health risk behaviour has recently become a policy focus for a number of national governments. In the USA, the Institute of Medicine in conjunction with the National Research Council recently released a report summarizing the findings of a series of workshops regarding adolescent health risk behaviours which focused extensively on multiple health risk behaviour and the policy relevance. 53 In the UK, a recent MRCfunded Scottish report focused on the prevalence of health risk behaviours in Scotland and included a systematic review of relevant interventions, 40 and in England the Department of Health has recently funded a Policy Research Unit in Children, Young People and Families (www.ucl.ac.uk/cpru) with a mandate to explore multiple health risk behaviours in adolescents. With growing recognition among policy-makers of the links between risk behaviours, attention is being turned to developing appropriate policy responses.
Policy response
The 29 Furthermore, there is evidence of strategic use of substances for sexual purposes among adolescents which is linked to sexual risk by increasing numbers of partners and impairing decisionmaking. 30 As such, there is a clear directive to consider the causal impact of alcohol in sexual risk behaviour, and any coherent and comprehensive policy response cannot ignore its influence. Similarly, exposure opportunities may explain gateway effects between different substances 31 and, as such, there is an argument to be made for more integrated substance use policies. For instance, there is evidence that the prevalence of smoking and drug use among adolescents who had never tried alcohol is near zero, prompting calls that alcohol use may have a place as a screening measure for the identification of those at risk for other substance use. 54 A similar, and perhaps stronger, case can be made for tobacco, which has been identified as a robust predictor of other risk behaviours. 55 The potential of interventions targeting multiple risks is particularly intriguing considering the general lack of evidence for the effectiveness of most singlerisk policy responses. 40 Yet the argument for more cohesive policy responses to multiple risk behaviours transcends the gains in effectiveness for each individual risk domain. Amalgamating policy responses to risk behaviours could prove more efficient. If, as posited, different risk behaviours may be manifested symptoms of common underlying risk factors, then it follows that coherent policy approaches should focus on these underlying risk factors. 53 Not only would this provide a more parsimonious policy approach, but might also prove more cost-effective. There is early evidence for the costeffectiveness of interventions for multiple risk behaviours suggesting that they constitute a more cost-efficient means of preventing risk behaviours in adolescence. 40 An increased understanding of the contributing factors to adolescent risk taking has the capacity to guide policy. Most importantly, recent advances in adolescent neuroscience have resulted in new claims for a scientific basis for risky behaviours in adolescence. However, there is considerable controversy regarding the applicability of neuropsychological findings to policy. There have been attempts to apply adolescent neuroscience in policy-making by using these findings to, for example, determine appropriate timing for interventions and prevention efforts, determine legal age limits, and establish the extent of adolescents' accountability for undertaking dangerous, harmful or illegal activity. 56 Yet there are limitations to such an approach, not least because 'neuroscientific data are continuous and highly variable from person to person; the bounds of "normal" development have not been well delineated' ( p. 218). 56 Neuroscience, it has been argued, can supplement behavioural research to offer guidance for policy-makers but that, like any research, requires interpretation and does not offer unambiguous direction for policy-makers. 57 Suggestions that science should guide policy for risk behaviours is not new. In 1992, Coie et al. 58 stated that, 'a new research discipline, which we term prevention science, is presently being forged at the interfaces of psychopathology, criminology, psychiatric epidemiology, human development and education' ( p. 1013). Prevention science aims to identify malleable risk and protective factors underlying health and social problems. The most recent approaches in adolescent health, e.g. positive youth development approaches, have moved beyond traditional risk factor reduction focused on the individual to emphasize the importance of enhancing protective factors in young people's lives. Such resiliencybased approaches have focused on family and peer factors as key to protecting young people from harm, but also emphasize that a successful and healthy transition to adulthood requires promotion of positive social and emotional development as much as avoiding drugs, violence or sexual risk. 59 The emergence of such approaches is partly due to the recognition that risk behaviours share common antecedents which raises questions about the feasibility of tackling risk behaviours individually.
In most countries policy initiatives targeting health risk behaviours remains organized in isolated 'silos' such as sexual and reproductive health, alcohol use, drug use and violence. This is partially due to a pervasive focus on what have been termed 'downstream' approaches to health policy. These include measures to reduce accessibility, prohibition and harm-minimization, 60 whereas 'upstream' approaches refer to early intervention by focusing on individual and environmental vulnerabilities, and family and society influences. Because upstream approaches are likely to focus on risk and protective factors that are often shared across health risk behaviours they are likely to be more suitable as policy approaches for multiple risk behaviour.
Despite the typically discrete policy approaches to health risk behaviours, several examples of policy approaches to multiple health risk behaviour can be identified both in the UK and internationally. Many of these can be categorized as education-or school-based approaches. Reducing or preventing health risk behaviours through education initiatives has a long history and school-based programmes have shifted towards evidence-based approaches targeting appropriate risk factors and pathways towards risk behaviours. As such, many prevention programmes have sought to cultivate a number of personal assets such as social and emotional skills, school connectedness, positive mental health, selfesteem, goals and aspirations and protective health-related attitudes. These efforts have typically been organized in the USA under the umbrella of social-emotional learning or character education. In the UK, the role of schools in adolescent health promotion has been well recognized. 'Schools . . . have an important part to play, since they have a central role in health promotion, as well as facilitating access to health services and providing information about the services in the community'( p. 7). 21 Schools have a statutory obligation to prevent a number of health risk behaviours. Along with statutory requirements to provide sex and relationships education and drugs education, a number have been established to contribute to student mental health, wellbeing and safety. 61 As such, risk behaviour prevention is often integrated with generic skill building and the development of core assets to prevent multiple risk behaviours.
The role of school-based interventions in multiple risk behaviour is highlighted by a recent meta-analysis to identify interventions designed to prevent or reduce multiple-risk behaviours (defined in this case as substance use and sexual risk behaviour). 40 Of the eight identified programmes, six were at least partially school based. In general, these programmes were designed to deliver 'life skills' education, target underlying risk factors for unhealthy behaviour or improve school environment and connectedness. While the effectiveness of these interventions in multiple risk-relevant domains was mixed, it is suggestive of the potential for education-based initiatives to successfully target multiple health risks.
Another prominent area for interventions targeting multiple health risk behaviours stems from evidence that familylevel factors are related to all domains of risk behaviour. These factors include family connectedness and conflict, parental attitudes and involvement in the problem behaviour, 53 parental violence, supervision and communication.
potential to be successful in multiple risk domains. Family-targeted interventions, including parent training, encouraging parental involvement and communication, and family conflict resolution have been successfully trialled in several countries. 40, 60 Additionally, social marketing campaigns designed to encourage parental communication about risk areas such as substance use and sexual risk, have been rolled out with some success.
Finally, there is growing recognition that adolescent health in general would benefit from more easily accessible health services. 21 In the UK, there have been calls to tailor health services for adolescents as this would increase accessibility and approachability of these services. 'Few youth specific services exist, yet there is considerable evidence that young people avoid using services not designed for them and that they believe are not respectful or confidential' ( p. 902). 5 This is particularly relevant to domains of health risk behaviour because of the sensitive nature of these issues and the difficulties involved in seeking help, when necessary. For example, there is evidence that young people often feel uncomfortable approaching health professionals, with a quarter of 15-year old young women feeling uncomfortable following a GP consultation. 21 Youth health services can also contribute to issues regarding health risk behaviour by providing counselling services and information regarding sexual health and substance use. Evidence-based policy: gaps in the research base
Despite advances in the understanding of the occurrence and mechanisms of multiple risk behaviour as well as policy interest in these areas, there are a number of gaps in the knowledge base that must be adequately targeted before a coordinated and comprehensive policy approach to multiple risk behaviour can be developed. First, research regarding the causal mechanisms of multiple risk behaviour is hampered by an over-reliance on cross-sectional and correlational data. This is problematic for establishing clear causal pathways linking multiple risk behaviours. This has important ramifications for the development of interventions, particularly for interventions based on a gateway model of multiple risk behaviour. It is both practical and efficient to target risk behaviours early in the pathway of multiple risk behaviour. For example, Fortenberry 63 argues that the directionality of causation between substance use and sexual risk behaviour is a clear determinant in the development of efficient interventions. More recent research has highlighted that changes in alcohol use precede and predict sexual risk behaviours in adolescence, particularly, numbers of sexual partners. 64 The authors posit that the findings 'suggest that targeting alcohol use in prevention and intervention programmes may reduce the number of sexual partners' ( p. 1757). While there is substantial evidence for the links between risk behaviours, the mechanisms of these associations are not always clear; this information is essential for forming effective policy approaches.
In addition to gaps in knowledge regarding the causal pathways of multiple risk behaviours, little is known about the health consequences of co-occurrence in adolescence or later in the life course. There is, as mentioned, preliminary evidence that in addition to the cumulative impacts of individual risk behaviours there may be additional detrimental effects involved in participating in more than one such behaviour. There may also be different outcomes for multiple risk behaviour depending on gender, ethnicity socioeconomic status or other factors. If differences existed, they have the capacity to contribute to health inequalities but, as it stands, the extent to which multiple risk behaviours mediate health inequalities is unknown. This requires further evidence, both cross sectionally and crucially, longitudinally. These data are essential for formulating preventive strategies and assessing the outcomes and effectiveness of multiple risk policy interventions.
Relatedly, little is known about the prevalence of adolescent multiple health risk behaviours and how this may have changed over time. One of the few studies that intended to assess multiple risk behaviours prevalence over time uses data from the Youth Risk Behavior Survey to analyse trends in sexual risk behaviours for adolescents involved in various levels of non-sexual risk behaviour. 65 This study reaffirmed the link between risk behaviours but highlighted differences in the trends between sexual risk taking and other forms of risk taking. This is important to highlight because despite substantial links between risk behaviours there is still substantial variance that is not shared between risk factors. Identifying trends in multiple risk behaviour are essential in determining where multiple risk policies have particular potential, where they may have been successful and where discrete policy strategies are needed in conjunction with policies targeting multiple risk behaviours. Tracking of these trends would also help to determine the extent to which policy approaches are sufficiently targeting multiple risktakers who may be categorically different from individual risk-takers in the number of risk and preventive factors they are exposed to and, as such, may have different susceptibilities to intervention. This information is crucial in formulating and adapting policy strategies.
Finally, it is important to build a stronger evidence base regarding the effectiveness of interventions for multiple risk behaviours. At this point, there is only preliminary evidence of efficacy for such interventions. This evidence comes mainly from trials designed to assess interventions that target only one risk behaviour, but also assess other risk behaviours as secondary outcomes. Few interventions that specifically target multiple risk behaviours have been developed and evaluated, which has implications for the strength of the evidence base. Though there is strong evidence for the links between risk behaviours as well as a number of shared risk and protective factors which are suggestive of intervention pathways, further direct evidence of effectiveness is needed.
Conclusion
It is not a novel suggestion that adolescence can be a turbulent time of life. Nor is it a modern concern that adolescents are prone to exposing themselves to health risks. However, the recent shift from adolescence as one of the healthiest times in life to a period of increased morbidity and mortality, due largely to adolescent involvement in health risk behaviours, is certainly a cause for concern. The past several decades have seen a growing interest in adolescent health risk behaviour which has led to a burgeoning research area focusing on the causes, outcomes and prevalence of risk behaviours. This is reflected in a number of endeavours to track adolescent risk behaviour nationally and these have contributed substantially both to an understanding of health risk behaviour, but also the extent of adolescent involvement in these behaviours and, in turn, policy interest.
In a number of domains, the data suggest that adolescent risk taking is a cause for concern, despite some areas where prevalence rates suggest that risk-taking behaviours are decreasing. Notably, there is consistent evidence for a strong relationship among risk behaviours. This has led to growing interest regarding the mechanisms of these associations, the prevalence and outcomes of multiple health risk behaviours, as well as the policy relevance. There are a number of indications that policy-makers are identifying the importance of multiple risk behaviours and the implications for interventions. Amid growing calls for integrated policy responses to risk behaviours there are several areas of intervention that have proved amenable to such approaches including education and school-based interventions, family interventions and adolescent health services. However, despite these fledgling policy applications, responses to risk behaviours continue to emerge from segregated policy silos, focusing individually on health risk behaviours. There is scope for more integration among policies for health risk behaviours to take account of shared risk factors and the causal relationships between risk behaviours, as well as the negative outcomes resulting from multiple health risk behaviours. These must be informed by continuing research in these areas. Despite a growing knowledge in the area, policymakers do not yet have a comprehensive evidence base upon which to base policy decisions. By continuing to pursue evidence-based policy approaches to multiple risk behaviour there is substantial scope to target adolescent risk behaviours effectively and efficiently and in turn, improve adolescent health in an effort to restore adolescence as a notably healthy part of life.
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